Background/objective: Superior labrum anterior posterior (SLAP) lesion of the shoulder joint occurs in throwing athletes as a results of overuse, such as from repetitive baseball pitching. Nonsurgical treatments are usually the first-line therapy for symptomatic SLAP lesion. However, some patients cannot obtain satisfactory improvement of their symptoms, leading to dysfunction of the shoulder and diminished pitching performance. The purpose of this study was to analyze factors that influence outcomes of nonsurgical treatments for SLAP lesion. Methods: Forty-five baseball players with SLAP lesion, whose mean age was 21.6 (range, 16e36) years and who underwent nonsurgical treatments, were the subjects of this study. SLAP lesion was diagnosed by shoulder arthrography and magnetic resonance imaging (MRI). Exclusion criteria included definite associated trauma such as dislocation, fracture or injuries related to sports activities. Playing positions included pitcher (21 patients), catcher (3 patients), infielder (13 patients) and outfielder (8 patients). Mean symptomatic duration from the onset of shoulder pain to the beginning of nonsurgical treatments was 8.5 (range, 1e72) months. Nonsurgical treatments included physical therapy, such as range of motion, stretching, and rotator cuff exercises, as well as prescription of nonsteroidal anti-inflammatory drugs if necessary. To identify factors that influenced outcomes of nonsurgical treatments for SLAP lesion, various factors of 13 nonresponsive patients were compared with those of 32 patients who responded to nonsurgical treatment. The factors were as follows: patient background, such as age or playing position; range of shoulder motion; shoulder joint laxity; and findings of radiographs and MRI. All data were statistically assessed using logistic analysis and Spearman's correlation coefficient. The significance level was set at P < 0.05, and odds ratios were determined. Results: Factors identified as having significant difference between the 2 groups were age, duration of baseball experience, symptomatic period, playing position, range of internal and external rotation in the first medical examination, range of total rotation of 90 abduction 2 months after nonsurgical treatments, and presence of Bennett spur and partial-thickness tears of the articular-side rotator cuff. Factors with high odds ratios were symptomatic period, range of total rotation of 90 abduction 2 months after the treatment, age, and duration of baseball experience. Conclusion: Symptomatic period, duration of baseball experience, age, and findings of radiographs and MRI are inevitable factors that cannot be improved by nonsurgical treatment. On the other hand, restriction of shoulder motion due to posterior muscular tightness is a factor that can be improved by nonsurgical treatment. Early improvement of shoulder motion is important to obtain satisfactory outcomes of nonsurgical treatments for SLAP lesion.
Introduction
Throwing shoulder disorder is often caused by overuse, such as excessive or consecutive pitching. The condition is a soft-tissue change, such as the labrum and rotator cuff tendon, and reactive bony changes, such as a spur formation, and both are diversely mixed and present a complex pathology. A study of the vascularity of the shoulder labrum showed that the vascular supply to the labrum is very rich and abundant around the entire glenoid, with the exception of the superior glenoid. 1 The poor vascularity and healing environment of the superior labrum results in a tendency to non-healing after trauma or repetitive stress, such as throwing activities. In 1985, Andrews et al. 2 first characterized labrum injury as a detachment of the superior labrum from anchor of the long head of the biceps. In 1990, Snyder et al. 3 described superior labrum detachment as a superior labrum anterior posterior (SLAP) lesion, which is widely recognized as a pathology of throwing shoulder disorder. Walch et al. 4 indicated in 1992 that posterior internal impingement induced soft tissue injuries in throwing athletes by excessive contact between the undersurface of the rotator cuff and the posterosuperior labrum. Paley et al. 5 found that fraying of the undersurface rotator cuff was observed in 93% of overhand throwing athletes and fraying of the posterosuperior labrum was found in 88%. Recently, Shah et al. 6 reported that SLAP flap tears were found in 81.4% of 54 rugby players and overhead athletes, and undersurface rotator cuff flap tears were found in 44.4% by arthroscopic assessment. Nonsurgical treatments are usually the first-line therapy for symptomatic SLAP lesion. In most patients, the treatments are successful, and it is possible to return to competition activities. Some patients cannot obtain satisfactory improvement of their symptoms, dysfunction of the shoulder, or pitching performance, resulting in arthroscopic surgery or abandonment of the competition activities because of the decrease in performance level. A retrospective study of 39 patients with SLAP lesion revealed that 51% of the patients were considered nonoperative treatment failures and had arthroscopic surgical reconstruction. 7 In a study of professional baseball players with SLAP lesion, 27 of 68 (40%) of the players could return to baseball. 8 However, there are few reports regarding the outcomes data and rehabilitation protocol of nonsurgical treatments for SLAP lesion. The purpose of this study was to analyze factors that influence outcomes of nonsurgical treatments for SLAP lesion and to provide suggestions for decision-making of treatment for SLAP lesion in baseball players.
Materials and methods
This retrospective study was approved by the ethics committee at our hospital, and consent was obtained from all patients for the research. We reviewed a database of our shoulder and sports medicine clinic between 2005 and 2015. Subjects were baseball players who had shoulder joint pain caused by pitching and first visited our hospital with no history of treatment. Definitive diagnosis of SLAP lesion was obtained by magnetic resonance imaging combined with arthrography (MRA) (Fig. 1) . Inclusion criteria were a minimum follow-up of 2 years. Patients with SLAP lesion caused by apparent trauma such as a fall and cases treated for instability, fracture, dislocation and frozen shoulder were excluded.
Medical checkup and physical examination were done for all patients by the same orthopaedic surgeon and physical therapist at the initial visit every month and at the final follow-up. Nonsurgical treatments included physical therapy, such as range of motion, stretching (sleeper stretch, cross-body stretch), and rotator cuff functional exercises, and prescription of nonsteroidal antiinflammatory drugs if necessary.
Patients were divided into 2 groups based on the outcomes. Responders could return to competitive level in their playing position. Nonresponders were defined as patients who needed to change their position, patients who finally underwent arthroscopic surgeries, and patients who gave up playing baseball. To identify the risk factors that influenced outcomes of nonsurgical treatments for SLAP lesion, various factors of the nonresponders were compared with those of the responders. Background information collected from patients included age, symptomatic period, duration of baseball experience, and playing position. Range of shoulder motion, joint laxity, and manual tests (apprehension test, compression and rotation test, anterior slide test, impingement test, O'Brien test) were checked and performed for physical findings (Table 1) . A Bennett spur, a subacromial spur, and rotator cuff tears were evaluated as findings of MRA and radiographs (Fig. 2) .
All data were statistically assessed using logistic regression analysis to determine the factors that significantly influenced outcomes of nonsurgical treatments for SLAP lesion. Correlation between the patient factors was assessed using Spearman's correlation coefficient. Statistical analysis was conducted with the program IBM SPSS Statistics 21 (IBM Japan, Tokyo, Japan). A significance level was set at P < 0.05, and odds ratios were determined. As number of patients necessary to detect s significant difference for an error rate of 0.05 in logistic regression analysis, the sample size with enough power to statistical significant was calculated at 43 patients and an odds ratio of 5.5. Accordingly, we chose factors with an odds ration more than 5.5 as a statistically significant.
Results
Forty-five patients with SLAP lesion that matched the criteria were examined. The subjects were 45 men with a mean age of 21.6 (range, 16e36) years. The throwing hand was the right side in 44 cases and the left side in 1 case. The average duration of baseball experience was 12.6 (range, 5e25) years. Playing level was 9 patients in high school teams, 22 in college teams, 12 in nonprofessional teams and 2 in professional leagues. Playing position included 21 pitchers, 3 catchers, 13 infielders and 8 outfielders. The mean symptomatic period was 8.5 (range, 1e72) months. The mean period of nonsurgical treatment was 5.2 (range, 3e11) months. As a result of nonsurgical treatment, 32 patients could return to their original playing position, and had not suffered from recurrent pain and dysfunction in the follow-up period (average 12.6 months, range, 6e27 months). On the other hand, there were 7 patients who finally underwent arthroscopic surgery, 4 patients for whom positions were changed, and 2 patients who gave up playing baseball.
We compared patient factors, physical findings, radiographic findings and MRA findings between 32 responders and 13 nonresponders. Patient factors that were statistically significant were age, duration of baseball experience, symptomatic period, and playing position. As a playing position, the pitcher had a significance probability less than 5% (Table 2 ). There was a positive correlation between age and duration of baseball experience (R ¼ 0.85, P < 0.001) and between age and symptomatic period (R ¼ 0.38, P ¼ 0.02). Compared with the group not admitting Bennett spur or partial tear of the artificial-side rotator cuff as image findings, the admitted group showed a significantly higher age ( Table 3) . Findings of manual tests such as anterior slide test or O'Brien test were not significantly different between the 2 groups.
Internal and external rotation in the first medical examination, and rotation of 90 abduction 2 months after the treatment were significantly different between the 2 groups. With regard to image findings, Bennett spur was significantly different between the 2 groups. Inevitable factors showed high odds ratio were symptomatic period, age, duration of baseball experience and Bennett spur. Factors able to improve by nonsurgical treatment and showed high odds ration were total rotation and internal rotation of 90 abduction 2 months after the treatment (Table 4) .
Discussion
Nonsurgical treatment is a first-line therapy for SLAP lesion caused by overuse, such as excessive pitches or pitching in consecutive games, and it consists of methods such as stopping pitching, functional exercise of the rotator cuff muscles, and stretching exercises. In most of cases, such treatments will be effective, and it will be possible to return to competition activities. However, if treatment is ineffective, some athletes' competition level is diminished, and some athletes need surgical treatment. Pinpointing the factors that affect the outcome of nonsurgical treatment increases patients' motivation for rehabilitation and also helps to select between nonsurgical treatment and surgical treatment.
In patient factors affecting the results of nonsurgical treatment, there was a positive correlation between age and duration of baseball experience, as well as between age and symptomatic period. Furthermore, compared with the group without Bennett spur or partial tear of the artificial-side rotator cuff as image findings, the group with a spur or tear was significantly older. In other words, it was considered that Bennett spur and partial tear of the artificial-side rotator cuff were concomitantly added to SLAP lesion, because of the long duration of baseball experience and older age of patients. The association between irreversible changes such as rotator cuff tears or bony spurs was thought to complicate the pathology that may cause pain and resist nonsurgical treatments. Pitcher position, Bennett spur, partial tear of the artificialside rotator cuff, age, symptomatic period, and other factors that may influence the outcomes are inevitable factors already seen at the first visit, and improvement using nonsurgical treatments is impossible. On the other hand, limitation of total rotation of 90 abduction at 2 months after nonsurgical treatment is a factor that can be improved by focusing treatment on it. Limitation of internal rotation of 90 abduction of the shoulder joint is called glenohumeral internal rotation deficit (GIRD), 9 and is observed as a physical finding in athletes who play overhead sports, caused by muscular tightness of the posterior muscles and the capsule of the shoulder joint. 10 When GIRD is caused by posterior tightness of the shoulder joint, superior translation of the humeral head occurs in external rotation of the abduction position. 11 The translation will result in shear stress to the long head tendon of the biceps or the labrum, resulting in SLAP lesion. 12, 13 Furthermore, the translation of the humeral head and SLAP lesion cause an internal impingement and partial tear of the artificial-side rotator cuff. 14 It has also been pointed out that when the ratio of GIRD and external rotation gain (ERG) is one or more, there is a high risk of structural breakdown. 15 In this study, limitation of total rotation or internal rotation of 90 abduction is a factor influencing the outcomes of nonsurgical treatment for SLAP lesion and reflects the physical condition of GIRD or GIRD/ERG> 1. In other words, improvement of GIRD is an improvement in the posterior tightness of the shoulder, reducing the translation of the humeral head and the excessive load on the SLAP lesion. Improvement of total rotation of 90 abduction at an early stage by intensive stretching such as sleeper's stretch to the posterior muscles and capsule of the shoulder joint is an important point in responding to nonsurgical treatment for SLAP lesion. 15 There were several limitations in this study. This was a retrospective study, and the number of cases was small. However, few studies have examined outcomes of nonsurgical treatment for SLAP lesion, and it is a useful study that can provide suggestions for decision making of surgical treatment for SLAP lesion.
In conclusion, the duration of baseball experience, age, and findings of radiographs and MRI are inevitable factors that cannot be improved by nonsurgical treatments. On the other hand, restriction of shoulder motion due to posterior muscular tightness is a factor that can be improved by nonsurgical treatments. Early improvement of shoulder motion is important to obtain satisfactory outcomes of nonsurgical treatments for SLAP lesion. 
